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[Claims] 

[Claim 1] A biomedical implant component that has a rough film 
formed by the bonding of a particulate material to the surface of the 
base material layer thereof, said film being comprised of coarse 
particles having a particle size of from 100 to 400 fim that, by means 
of a bonding layer formed by the melting of part or all of minute 
particles, are bound to one another and also, under this condition, 
bound to the surface of the base material layer. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Application] The present invention pertains 
to biomedical implant components that are used as bone prostheses, . 
prosthetic joints, dental implants, and the like. More specifically, 
it pertains to implant components that have pores of an appropriate 
size formed on the surface thereof for the purpose of reinforcing the 
bonding strength with the bone tissue of a living body, said pores 
being formed in a rough section that does not come off easily. 

[0002] 

[Prior Art] There is a practice of forming minute asperities on 
the surface of biomedical implant components, such as bone prostheses 
and the like, for the purpose of increasing their bonding strength 
with living tissues. One example way of forming these asperities is to 
attach a minute particulate material or filamentous material to the 

Numbers in the margin indicate pagination in the foreign text. 



surface of the base material. To attach a particulate material, plasma - 
spray coating is utilized, and the particulate material is melted at 
the surface thereof by the heat of plasma and caused to collide 
against the surface of the base material, thereby forming a rough film 
thereon . 

[0003] Fig. 6 shows an example of the pore occurrence frequency 
and porosity of an implant component by pore size when a rough film is 
formed by a plasma spray process. As shown in this graph, the most 
frequently occurring pores are extremely minute ones having a pore 
size of 50 /zm or smaller, and those having a size of from 100 to 200 
lira, which are advantageous for the penetration and fixation of newly 
formed living tissues, comprise merely 2.1% or thereabouts. 

[0004] Further, the overall porosity is only 37.3 % even when all 
sizes are added; therefore, the bonding strength with living tissue 
cannot always be expected to reach a high level . 

[0005] 

[Problems that the Invention Intends to Solve] Accordingly, the 
present inventors thought that an implant component having a rough 
film that has a large number of pores of 150 to 350 /xm in size and 
also has high porosity might be achieved by bonding a particulate 
material whose particle size is from 100 to 400 fim to the surface of 
the base material by plasma spraying. 

[0006] By doing so, they achieved a certain measure of success in 
forming a large number of pores of 150 to 350 /xm in size at the 
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. ^surface of the rough film. However, this gave rise to the new problem 
described in detail in the following. That is, with higher porosity 
and a larger pore size, the rough section of the film became 
susceptible to detachment by an external force, and it came off during 
transporting or operations, thereby making it impossible to achieve 
the desired objective. Furthermore, even if the rough film remained on 
the surface of the base material and a living tissue was bound to its 
rough section, there was the problem of weak bonding between the 
implant component and the living tissue because the rough film proper 
was susceptible to detachment. 

[0007] More specifically, from Fig. 7, which is a graph that 
shows the relationship between pore sizes and the shear strength of 
the rough section, it can be seen that the shear strength dramatically 
deteriorates when the pore size exceeds 200 /*m. 

[0008] Accordingly, the present inventors conducted extensive 
research in order to provide an implant component that has a large 
number of pores of 150 to 350/xm in size and high porosity and that has 
less risk of detachment at the rough film layer. As a result, the 
present invention was completed. Incidentally, a post-heating 
treatment, which also serves as diffusion annealing, was carried out 
for all cases. 

[0009] 

[Means For Solving The Problems] The present invention, which 
achieved the aforesaid objective, is essentially a biomedical implant 
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component that has a rough film formed by the bonding of a particulate • 
material to the surface of the base material layer thereof, said film 
being comprised of coarse particles having a particle size of from 100 
to 400 fxm that, by means of a bonding layer formed by the melting of 
part or all of minute particles, are bound to one another and also, 
under this condition, bound to the surface of the base material layer. 
[0010] 

[Operation] For the implant component of the present invention, 
by bonding 100 to 400 /zm coarse particles to the surface of the base 
material, pores of 150 to 350 /xm in size can be formed at a high ratio 
in the rough film that is formed on the outer surface of the base 
material, thereby ensuring the penetration and fixation of living 
tissue . 

[0011] In forming this rough film, part or all of 10 to 100 /zm 
minute particles are melted by plasma and can be utilized as a bonding 
agent for bonding the aforesaid coarse particles, thereby making it 
possible to form firm bonding between the base material and the coarse 
particles and also between the coarse particles themselves; as a 
result, ready detachment of the film by an external force can be 
prevented. 

[0012] It is preferable to set the particle size of the aforesaid 
minute particles to 50 /im or smaller. By doing so, said minute 
particles can be melted completely and can function as a bonding agent 
reliably. 
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[0013] 

[Working Example] Using a plasma gun having two powder ports, 
titanium sponge coarse particles having an average particle size of 
350 /xm were discharged from one port, and fine titanium particles 
having a particle size of 44 fxm or smaller were discharged from the 
other. Plasma spray coating was carried out from these ports 
alternately toward the surface of an implant base material that was 
made from a titanium alloy, thereby forming a rough film having a pore 
size of 150 to 350 /xm on the surface of the base material- To set the 
thickness of said film to 1 mm or thereabouts, it is sufficient to 
repeat the aforesaid alternate spray coating of minute particles and 
coarse particles from 2 to 8 times. 

[0014] Fig. 1 is a graph that shows the relationship between the 
rate of the sprayed minute particles and porosity, and it shows us 
that porosity is higher when the rate of the sprayed minute particles 
is lower. 

[0015] Fig. 2 is a graph that shows the relationship between the 
rate of the sprayed minute particles and particle bonding strength, 
and it shows us that there is an inversely [sic] proportional 
relationship between the rate of the sprayed minute particles and the 
bonding strength; thus, as the rate of the sprayed minute particles 
increases, bonding strength becomes stronger, and the possibility of 
the film's detaching decreases. /3 
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[0016] As is evident from these graphs, in order to obtain both 
high porosity and strong bonding strength, it is recommended to set 
the rate of the sprayed minute particles preferably to from 5 to 50 %, 
better yet, to 10 to 40 %. 

[0017] Fig. 3 shows the comparison of the particle bonding 
strength of an implant component (a conventional product) that had the 
aforesaid coarse particles alone plasma- sprayed thereon and of implant 
components for which the coarse particles and minute particles, whose 
proportion was 2 0 %, were sprayed alternately. From this comparison, 
it was learned that the components that had a rough film formed by 
alternate spray coating could exhibit a bonding strength that was more 
than 7 times that of the conventional product. In the figure, 
alternate spraying (1) indicates a product for which alternate 
spraying of the coarse particles and minute particles were repeated 7 
times, and alternate spraying (2) indicates a product for which it was 
repeated 3 times. 

[0018] The method for producing the implant component of the 
present invention is not limited to the aforesaid production example. 
Even if the coarse particles and minute particles are plasma- sprayed 
simultaneously, the present invention can provide an implant component 
that has a pore size (porosity) and bonding strength that are 
comparable to those of the aforesaid implant components produced by 
alternate spraying . 
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[0019] (Experiment Example) Setting the spray coating conditions 
'as described in the following, simultaneous spray coating was 
conducted on the surface of a base material, thereby forming a rough 
film, after which the rough film was subjected to a debonding test by 
a blast erosion technique in accordance with JIS H8664-4.6. The 
results are shown in Fig. 4 and Fig. 5. 

[0020] [Spray Coating Conditions] 
Current: 700 A 
Voltage: 64V 

Spraying distance: 300 to 350 mm 

Plasma gas: Ar = 25 liter/minute, He = 9.5 liter/minute 
Ambience: Ar pressure = 60 millibar 
Base material: Ti-6Al-4V ELI or Ti-6Al-2Nb-lTa 
Minute particles: pure titanium powder (10 to 44 /xm) 
Coarse particles: titanium sponge (100 to 400 /im) 

Conditions in the case of implementing simultaneous spray coating: the 
volumetric ratio of the minute particles and coarse particles = 2:8 
(Fig. 5) 

Base material: Ti-6A1-4V ELI 

Conditions in the case of implementing simultaneous spray coating: the 
volumetric ratio of the minute particles and coarse particles = 2:8 
(Fig. 4) 

Base material: Ti-6Al-2Nb-lZr 
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[0021] The bar graphs shown in Fig. 4 and Fig. 5 indicate the 
amount of the erosion that occurred each time the blast test was 
performed, which was performed a total of three times, and the numbers 
1, 2, and 3 in the graphs indicate, respectively, the first, second, 
and third blast test performed. As is evident from these figures, when 
fine particles were spray-coated concomitantly, the amount of erosion 
was substantially decreased compared with the case of spraying coarse 
particles alone, and, along with a further increase in the rate of the 
sprayed minute particles, the amount of erosion decreased; thus, it 
became possible to prevent the rough film from detaching from the 
surface of the base material during an operation or the like and to 
fix the implant component firmly to the living body. In addition, 
because the detachment of film could be thus prevented, this 
eliminated the possibility of detached particles' entering into the 
sliding section of a joint and causing abnormal abrasion. 

[0022] The particulate material used for forming the implant 
component of the present invention may be titanium sponge particles, 
pure titanium particles, titanium alloy particles (preferably a alloys 
or a+p alloys), or other metals or ceramics, and, as the implant base 
material, metal materials, such as Ti and Ti alloys as well as Zr, Zr 
alloys, Co-Cr-Mo alloys, Co-Cr-W-Ni alloys, Ta, stainless steel, and 
so forth, may be used. In addition, ceramics, such as hydroxyapatite , 
alumina, and the like, can also be used. 

[0023] 
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[Effects of the Invention] Because the present invention had the 
configuration described in the foregoing, pores having a size of 150 
to 350 ]im were formed at a high ratio at the external surface section 
of the rough film, thereby enabling newly formed living tissue to 
penetrate into and bond with the implant component reliably. 

[0024] Furthermore, the detachment of part of the aforesaid rough 
film by an external force applied during an operation or the like does 
not occur easily, and the bonding of the implant component and the 
living body could be maintained reliably. 

[Brief Explanation of the Drawing] 

[Fig. 1] A graph that illustrates the relationship between the 
rate of the sprayed minute particles and porosity. 

[Fig. 2] A graph that illustrates the relationship between the 
rate of the sprayed minute particles and bonding strength. 

[Fig. 3] A graph that compares the bonding strength of the 
working example of the present invention and that of the conventional 
product . 

[Fig. 4] A graph that shows the erosion test results of the 
working example of the present invention. 

[Fig. 5] A graph that shows the erosion test results of the 
working example of the present invention. 

[Fig. 6] A graph that shows the pore occurrence frequency and 
porosity of the conventional implant component by pore size. 
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[Fig. 7] A graph that shows the relationship between the pore 
size and shear strength. 
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[FIG. 4] 
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[FIG. 5] 
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[FIG. 6] 
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